Providing safer Virtual Reality experiences with the help of Brain-Computer Interfaces by Tirado Cortes, Carlos Alfredo
 
 
Providing safer Virtual Reality 
experiences with the help of Brain-
Computer Interfaces 
 
by Carlos Alfredo Tirado Cortes 
 
Thesis submitted in fulfilment of the requirements for  
the degree of  
 
Doctor of Philosophy in Software Engineering 
 
under the supervision of Professor Chin-Teng Lin and Dr. Tim Chen 
University of Technology Sydney 
Faculty of Engineering and Information Technology 
 
August 2020 
CERTIFICATE OF ORIGINAL AUTHORSHIP
I , Carlos Alfredo Tirado Cortes declare that this thesis, is submitted infulfilment of the requirements for the award of Doctor of Philosophy, inthe School of Computer Science, Faculty of Engineering and Information
Technology at the University of Technology Sydney.
This thesis is wholly my own work unless otherwise referenced or acknowl-
edged. In addition, I certify that all information sources and literature used
are indicated in the thesis.
This document has not been submitted for qualifications at any other aca-
demic institution.
This research is supported by the Australian Government Research Training
Program.
SIGNATURE:
[Carlos Alfredo Tirado Cortes]




Signature removed prior to publication.

ACKNOWLEDGMENTS
I want to express my sincere gratitude to my principal supervisor, Profesor CT Lin, for
the weekly feedback, guidance, and motivation during these years. Without those, I don’t
think I would have been able to finish this project. Thank you very much! I would also
like to thank my co-supervisor, Dr. Tim Chen. Thanks for the hard work and the long
work nights. Thank you for all the help, guidance, and mentoring received during these
years. And especially thank you for the support outside the school environment, and to
push me to have a work-life balance.
I want to thank all the CIBCI lab members for all the help and knowledge they
provided during my years. Special thanks to Tien-Thong Do (THE BEST), Avinash Singh,
Howe Zhu, Xiaofei Wang, Jia Liu, Ashlesha Akella, Khuong Tran, and Anna Wunderlich.
I also want to extend my gratitude to the different lecturers I interacted with during
my years as a student. Special thanks to Dr. Yu-Kai Wang, Dr. Jaime Garcia, Dr. William
Raffe, and all the members of the UTS Games Studio. Thank you guys for sharing your
experience, for the collaborations, and thank you for sharing the lab spaces with me, and
giving me a place to sit!
I want to thank all my friends outside my lab, who supported me throughout this
project. I want to thank all the new friends I met during my stay in Sydney. I also want
to thank all those friends who left to follow their paths. And to all those friends who
were sending me their support from different parts of the world. Thank you all!
I would like to thank the funding sources that made my research possible. This
work was supported in part supported by the Australian Research Council (ARC) under
discovery grant DP180100670 and DP180100656. I would also like to thank the UTS
International Research Scholarship for covering my tuition fees. I would also like to
thank the School of Computer Science and the Australian Artificial Intelligence Institute
(AAII) for providing me with financial support for funding my conference travels and
publication fees.
Last but not least, I want to thank my family for their constant support. Without
their support and motivation, I wouldn’t be where I am now. Thank you very much for




To my mom, my dad, and my brother, for their infinite love and support on all my crazy





1. C. A. TIRADO CORTES, H. CHEN, D. STURNIEKS, J. GARCIA MARIN, S. LORD &
CHIN-TENG LIN , Evaluating Balance Recovery Techniques for Users Wearing Head-
Mounted Display in VR, IEEE Transactions on Visualization and Computer
Graphics.
2. C. A. TIRADO CORTES, H. CHEN, TIEN-THONG NGUYEN DO & CHIN-TENG
LIN, EEG Signals and Body Kinematics During Different Levels of VR Sickness,
Frontiers in Virtual Reality. (under review).
3. NEGIN HESAM-SHARIATI; TOBY NEWTON-JOHN; AVINASH K. SINGH; C. A.
TIRADO CORTES; TIEN-THONG NGUYEN DO; ASHLEY CRAIG; JAMES W. MID-
DLETON; MARK P. JENSEN; ZINA TROST; CHIN-TENG LIN; SYLVIA M. GUSTIN,
Evaluation of the effectiveness of a novel brain-computer interface neuromodulative
intervention to relieve neuropathic pain following spinal cord injury: protocol for
a single-case experimental design with multiple baselines, JMIR Publications.
(accepted).
Conferences :
1. C. A. TIRADO CORTES, H. CHEN & CHIN-TENG LIN , Analysis of VR sickness
and gait parameters during non-isometric virtual walking with large translational
gain, Proc. 17th ACM SIGGRAPH International Conference on Virtual-Reality
Continuum and its Applications in Industry (VRCAI 2019), Article 16, pp. 1 - 10,
Brisbane, Australia, November, 2019.
2. C. A. TIRADO CORTES, H. CHEN & CHIN-TENG LIN , Using Support-Vector
Machines for the identification of VR sickness and postural instability in Mobile VR
setups. (drafted).
vii
3. C. A. TIRADO CORTES, H. CHEN & CHIN-TENG LIN , Closed-loop Brain -
Computer Interface to mitigate the effects of VR sickness and postural instabil-
ity. (drafted).
4. AVINASH K. SINGH, C. A. TIRADO CORTES & CHIN-TENG LIN , Closed-loop
Brain-Computer Interface and Augmented Reality Navigation System. (drafted).
5. TIEN-THONG NGUYEN DO, AVINASH K. SINGH, C. A. TIRADO CORTES & CHIN-
TENG LIN, Detecting cognitive load in active spatial navigation. (drafted).
Others :
1. C. A. TIRADO CORTES, H. CHEN & CHIN-TENG LIN , Analysis of VR Sickness
and Gait Parameters During Non-Isometric Virtual Walking with Large Transla-
tional Gain. VRST’ 19: 25 th ACM Symposium on Virtual Reality Software and
Technology. Article 54, pp. 1 - 2. Sydney, Australia, November 2019.
2. TIEN-THONG NGUYEN DO, CHIN-TENG LIN, C. A. TIRADO CORTES, AVINASH
K. SINGH, JIA LIU, H. CHEN, KLAUS GRAMANN. Human brain dynamics during
navigation with natural walking under different workload conditions in virtual




List of Publications vii
List of Figures xiii
List of Tables xvii
1 Introduction 1
1.1 Postural Imbalance, Virtual Reality Sickness, and Brain-Computer Inter-
faces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3 VR safety issues and its implications . . . . . . . . . . . . . . . . . . . . . . . 10
1.4 Research Stakeholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.5 Research Aims and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.6 Research Significance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.7 Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.8 Major Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.9 Structure of this Dissertation . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2 Literature Review: The safety issues of VR 19
2.1 Virtual Reality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.1.1 VR applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.1.2 The importance of Immersion in VR . . . . . . . . . . . . . . . . . . . 20
2.2 Cognitive Conflicts in VR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.2.1 Dangers of Cognitive Conflicts . . . . . . . . . . . . . . . . . . . . . . 21
2.2.2 VR Locomotion: A solution to the cognitive conflict . . . . . . . . . . 21
2.2.3 Other Popular Solutions to Cognitive Conflict Issues . . . . . . . . . 22
2.2.4 Cognitive Conflict Implications . . . . . . . . . . . . . . . . . . . . . . 23
2.3 VR Sickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
ix
TABLE OF CONTENTS
2.3.1 Causes of VR Sickness . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.3.2 VR Sickness Measurement And Detection . . . . . . . . . . . . . . . 24
2.3.3 Mitigation Methods for VR sickness . . . . . . . . . . . . . . . . . . . 26
2.4 Postural Instability in Virtual Reality . . . . . . . . . . . . . . . . . . . . . . 27
2.4.1 Using VR to Study Postural Instability . . . . . . . . . . . . . . . . . 27
2.4.2 Measuring the Different Stages of Postural Instability in VR . . . 28
2.4.3 Fall Recovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.4.4 Balance recovery in VR . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.4.5 The role of Visual Input in Postural Instability . . . . . . . . . . . . 33
2.4.6 Postural Instability Measurement and Detection . . . . . . . . . . . 33
2.4.7 Preventing Postural Instability and Balance Recovery . . . . . . . . 37
2.5 Relationship between VR sickness and Postural Unbalance . . . . . . . . . 38
3 Materials, Methods and Experiment Design 41
3.1 Loss of Balance in VR from a Static Position . . . . . . . . . . . . . . . . . . 41
3.1.1 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.1.2 Experiment Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.1.3 Video-see-through and Auditory notification development details . 47
3.1.4 Measurements for the tether-release Protocol . . . . . . . . . . . . . 48
3.1.5 Lean and Release Data Processing . . . . . . . . . . . . . . . . . . . 50
3.2 VR Sickness and Postural Instability on Mobile VR Setups . . . . . . . . . 51
3.2.1 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.2.2 Translational Gain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
3.2.3 Phase 1: Influence of VR Sickness in Postural Instability . . . . . . 53
3.2.4 Phase 2: Cortical State of VR Sickness and Postural Instability on
Mobile VR Setups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.2.5 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
3.2.6 Experiment Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.2.7 Experiment Questionnaires . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2.8 EEG Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2.9 Biomechanics Measurements . . . . . . . . . . . . . . . . . . . . . . . 64
4 Evaluation of Balance Recovery Techniques of Static VR-users 67
4.1 Experiment Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.1.1 Stepping Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.1.2 Overall Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
x
TABLE OF CONTENTS
4.1.3 Trials with Single Step Strategy . . . . . . . . . . . . . . . . . . . . . 71
4.1.4 Trials with Multiple-Steps Strategy . . . . . . . . . . . . . . . . . . . 72
4.1.5 User Ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
4.2 Overall Results Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
4.2.1 Disruption of Immersion . . . . . . . . . . . . . . . . . . . . . . . . . . 77
4.2.2 Effect of Video-See-Through . . . . . . . . . . . . . . . . . . . . . . . 77
4.2.3 Learning Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
4.2.4 More Naturalistic Setting . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.2.5 Detection on Fall Onset . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.2.6 Intervention Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.2.7 Other Potential Techniques for Balance Recovery . . . . . . . . . . 80
4.2.8 Key Takeaway Points . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5 Analysis of VR Sickness and Postural Instability on Mobile VR Setups 81
5.1 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.1.1 Questionnaire Responses . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.1.2 Trial Questionnaire Results . . . . . . . . . . . . . . . . . . . . . . . . 83
5.1.3 Behavior and Gait Analysis . . . . . . . . . . . . . . . . . . . . . . . . 86
5.1.4 Interview Responses . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
5.2 VR Sickness and Postural Instability on Mobile VR Discussion . . . . . . . 88
5.2.1 Gait Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
5.2.2 Difference between Non-VR and VR . . . . . . . . . . . . . . . . . . . 90
5.2.3 Hypotheses discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.2.4 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
5.2.5 Key Takeaway Points . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
6 Cortical Analysis of Walking in Virtual Reality 93
6.1 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
6.1.1 Analysis Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
6.1.2 VR Sickness Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
6.1.3 EEG Postural Unbalance Results . . . . . . . . . . . . . . . . . . . . 98
6.2 Cortical State of Mobile VR Discussion . . . . . . . . . . . . . . . . . . . . . 106
6.2.1 Changes in the Cortical State after introducing VR . . . . . . . . . 106
6.2.2 The cognitive challenge of TG . . . . . . . . . . . . . . . . . . . . . . 106
6.2.3 Adaptation to TG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.2.4 Posture Instability as TG Increases . . . . . . . . . . . . . . . . . . . 108
xi
TABLE OF CONTENTS
6.2.5 Competition of Attention Resource . . . . . . . . . . . . . . . . . . . 109
6.2.6 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
6.2.7 Key Takeaway Points . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
7 Conclusions and Future Work 113
7.1 Closed-Loop Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
7.1.1 Input Systems for Monitoring VR Users . . . . . . . . . . . . . . . . 114
7.1.2 A Machine Learning Model for VR users . . . . . . . . . . . . . . . . 115
7.1.3 Closing the Loop with Mitigation methods . . . . . . . . . . . . . . . 116
7.1.4 Final Conclusions on closed-loop systems . . . . . . . . . . . . . . . 116
7.2 Static Setup Conclusions and Future Work . . . . . . . . . . . . . . . . . . . 117
7.3 Conclusions on Mobile Setups . . . . . . . . . . . . . . . . . . . . . . . . . . . 118





1.1 The usual setup of a EEG cap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2 The current state of research in safety for VR users in both static and mobile
setups and the research gaps that this research project will address to provide
a safer VR interaction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.3 Graphical representation of the end goal of Research Objective 3. . . . . . . . 15
2.1 Simplistic representation of the relationship between the Boundary of Stabil-
ity and the Center of Pressure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2 Model of a single step reaction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.3 Model of a multiple step reaction. . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.1 Lean and Release in VR experiment setup, which follows the tether-release
protocol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3.2 The secondary 3D object selection task. The red cubes are the cubes the
participants had to touch with the controller and the ones that would trigger
a fall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.3 Components of the tether-release mechanism. . . . . . . . . . . . . . . . . . . . 46
3.4 Empty room view from the perspective of the participant. . . . . . . . . . . . . 47
3.5 An example of the video-see-through technique. A: The user in the real world.
B: Video-see-through from the perspective of the user. . . . . . . . . . . . . . . 48
3.6 Representation of the body reaction when it executes the Single Step Strategy. 49
3.7 Representation of the body reaction when it executes the Multiple Step Strategy. 49
3.8 Left: plot representation of the movement in a single-step feet reaction. Right:
plot representation of the movement in a multiple-step feet reaction. The blue
line represents the trajectory of the right feet. The red line represents the
trajectory of the left feet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.9 Experiment setup for non- virtual walking. . . . . . . . . . . . . . . . . . . . . . 53
xiii
LIST OF FIGURES
3.10 (a) Physical environment for the experiment, and (b) corresponding virtual
environment with red arrows indicating the end point of the trials at different
translational gains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.1 Bar charts that represent the distribution of the step reactions (no-step,
single-step, and multiple-steps) for the 5 mitigation methods. . . . . . . . . . . 68
4.2 First reaction step movement vs. time for all trials. . . . . . . . . . . . . . . . . 69
4.3 First step length (m) box plot for all trials. * means significant difference (p
<0.05). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.4 Step Initiation for all trials. The shorter the time, the better. In this case,
PFVST and PFAW are the methods that present a faster step initiation. . . . 70
4.5 Movement of the reaction step in single-step trials. . . . . . . . . . . . . . . . . 71
4.6 Step length (m) box plot for trials using the single-step strategy. . . . . . . . . 72
4.7 Step initiation for trials that used the single-step strategy. PFVST and PFAW
present the better step initiation. . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.8 Movement of the first reaction step in trials where users implemented the
multiple-steps recovery technique. . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.9 Step distance (m) box plots for the first reaction step of trials where multiple-
steps strategy was used. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.10 Step initiation for the first step in trials using multiple-steps strategy. . . . . 75
4.11 User ratings for the 5 different recovery techniques. A 1-5 Likert scale was
used. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.12 Accumulated trial numbers for each stepping strategy. . . . . . . . . . . . . . . 78
5.1 Average per-participant response to each TG level. Black Line: Reported
sickness levels for all the participants. Red Line: Reported sickness levels for
MS participants. Green Line: Reported sickness levels for No-MS participants. 83
5.2 Results of different behavior measurements vs. different levels of TG. Black
Line: Average. Red Line: Results from participants belonging to the MS group.
Green Line: Results from participants in the No-MS group. Blue Line: Average
baseline recording without VR. Position dodge function was used to avoid the
overlapping of standard error bars. . . . . . . . . . . . . . . . . . . . . . . . . . . 85
6.1 Results of the different behavior measurements vs. TG levels. (*) indicates for
statistic difference (p<0.05). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
6.2 The power of the Delta frequency in dB for each TG level at each brain region. 96
xiv
LIST OF FIGURES
6.3 The power of the Theta frequency in dB for each TG level at each brain region. 99
6.4 The power of the Alpha frequency in dB for each TG level at each brain region.101
6.5 The power of the Beta frequency in dB for each TG level at each brain region. 103





2.1 Different relevant EEG-based works that studied VR sickness. This table
shows what type of experiment setup induced VR sickness, what brain regions
and frequencies were studied, and the relationship between the signals and
the reported VR sickness. δ stands for the delta frequency. θ stands for the
theta frequency. α stands for the alpha frequency. β stands for the beta
frequency. γ stands for the gamma frequency. . . . . . . . . . . . . . . . . . . . 26
5.1 Post-experiment SSQ results. Rows with * sign are participants who quit the
experiment prematurely. SSQ-N is the nausea score, SSQ-O is the oculomotor
score, SSQ-D is the disorientation score, and TS is the total score. Rows with
red background color are participants in the MS group, and rows with green
background color are participants in the No-MS group. . . . . . . . . . . . . . . 82
5.2 Descriptive statistics for the post-experiment questionnaire responses. . . . . 82
5.3 Statistical results for the different measurements. The first 4 rows represent
different behavior measurements. The last row represents the sickness level
reported by each participant. Inside each row, the first horizontal group
represents the results of the effect tests. If there was a significant difference,
the results of those differences are represented in the in the lower horizontal
group. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
6.1 Statistical results for the different biomechanical measurements. The first
four rows represent different behavior measurements. The last row represents
the sickness level reported by each participant. . . . . . . . . . . . . . . . . . . 94
6.2 Delta Frequency results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
6.3 Theta Frequency Results. SD means Step Distance. . . . . . . . . . . . . . . . . 100
6.4 Alpha Frequency Results. TCT Means Trial Completion Time. . . . . . . . . . 102
6.5 Beta Frequency Results. TCT Means Trial Completion Time. . . . . . . . . . . 103
xvii
LIST OF TABLES
6.6 Gamma Frequencies Result. TCT Means Trial Completion Time. . . . . . . . . 105
xviii
ABSTRACT
With the introduction of Virtual Reality (VR) to the mass market, two of the most
significant issues affecting its users have come to light: Virtual Reality Sickness and
Postural Instability. These issues have lead to a low acceptance rate from consumers
towards the VR market, preventing it from growing to its full potential. These issues
affect everyone from VR application developers, research projects using VR for different
purposes, and the average consumer who wants to use it for recreational purposes. This
research project focuses on tackling these issues in two of the most common setups:
stationary and non-stationary.
Stationary setups already have a track of works that accurately detect both VR
sickness and postural instability. Even VR sickness has a track of different creative
methods to mitigate it once detected. Nevertheless, there isn’t a clear definition of
what can be used to help if a user suffers from postural instability or even a fall. For
that reason, this project developed and tested two different methodologies for balance
recovery: auditory warning and turning the headset’s camera on. Results showed that
these techniques activated up to 500 ms before the fall onset is enough to prevent users
from losing balance.
For mobile VR setups, it is unclear if the same detection methodologies as in station-
ary setups. Following previous works that use a combination of electroencephalography
(EEG) and full-body motion capture suits, this research project intends to use these
technologies to identify VR sickness and postural instability in mobile setups and their
difference with stationary setups.
The results confirmed that, on non-stationary setups, users’ postural instability
could be measured by the changes in their Center of Mass and the changes in EEG
signals. Results on VR sickness signals showed that other cognitive processes influence
non-stationary VR signals compared to stationary VR signals.
These findings can collectively set the building blocks for developing closed-loop
systems that can adequately monitor users, detect the appearance of these issues, and
provide a solution to either mitigate or avoid these issues. Ultimately, providing an
overall safer VR experience to all VR users.
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